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Abstract 5 
Background: Several devices to obtain a dynamic fixation of the syndesmosis have been 6 
introduced in the recent years, however their efficacy has been tested in few RCTs, without a 7 
clear benefit over the traditional static fixation with screws. 8 
Purpose: To perform a Level I meta-analysis of RCTs to investigate the complications, 9 
subjective outcomes and functional results after dynamic or static fixation of acute syndesmotic 10 
injuries.  11 
Methods: A systematic literature search of the MEDLINE/Pubmed, Cochrane Central Register 12 
of Controlled Trials (CENTRAL) and EBSCOhost electronic databases and clinicaltrials.gov for 13 
unpublished studies was performed. Eligible studies were randomized controlled trials (RCTs) 14 
comparing dynamic fixation and the static fixation of acute syndesmosis injuries. A meta-15 
analysis was performed, while bias and quality of evidences were rated according to the 16 
Cochrane Database questionnaire and the Grading of Recommendations Assessment, 17 
Development and Evaluation (GRADE) guidelines. 18 
Results: Dynamic fixation has a significantly decreased RR (0.55, p=0.003) of complications, in 19 
particular the presence of inadequate reduction at the final follow-up (RR=0.36, p=0.0008) and 20 
the clinical diagnosis of recurrent diastasis or instability (RR=0.10, p=0.03). The effect was more 21 
evident compared to permanent screws (RR=0.10, p=0.0001). The reoperation rate was similar 22 
between the two groups (RR=0.64, p=0.07); however, the overall risk was reduced after dynamic 23 
fixation when compared to static fixation with permanent screws (RR=0.24, p=0.007). The 24 
AOFAS score was significantly higher in patients treated with dynamic fixation of 6.06 points 25 
(p=0.005) at 3 months, 5.21 points (p=0.03) at 12 months and 8.60 points (p<0.00001) at 24 26 
months, while the Olerund-Morlander score was similar. VAS for pain was reduced at 6 months 27 
   
(-0.73 points, p=0.003) and at 12 months (-0.52 points, p=0.005) and ankle ROM was increased 28 
of 4.36° (p=0.03) with dynamic fixation. The overall quality of evidence was from “moderate” to 29 
“very low” due to a substantial risk of bias, heterogeneity, indirectness of outcome reporting and 30 
evaluation of a limited number of patients.  31 
Conclusion: Dynamic fixation of syndesmotic injuries was able to reduce the number of 32 
complications and improve clinical outcomes compared to static screw fixation, especially 33 
malreduction and clinical instability or diastasis, at a follow-up of 2 years. A lower risk of 34 
reoperation with dynamic fixation was found compared to static fixation with permanent screw. 35 
However, lack of patients or personnel blinding, treatment heterogeneity, small samples and 36 
short follow-up, limits the overall quality of these evidences. 37 
Level of Evidence: Meta-analysis of randomized controlled trials (Level I) 38 
Key words: Syndesmosis, ankle fracture, screw, suture button, complications, dynamic fixation, 39 
static fixation, Meta-analysis 40 
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What is known about the subject: Promising results have been reported with the use of 42 
dynamic fixation of syndesmotic injuries. However, only few RCTs are presents, with not 43 
consistent results in term of functional outcomes, reoperations and complication 44 
What this study adds to existing knowledge:  This meta-analysis of level I RCTs comparing 45 
dynamic with static fixation of tibio peroneal distal syndesmosis summarizes the highest level of 46 
evidences on this topic and provides information to clinicians regarding the performance of static 47 
fixation over standard treatment. The improved subjective clinical outcomes and the reduced 48 
number of complications and reoperations makes the dynamic fixation a good options for 49 
syndesmosis injury treatment, at least at short-term follow-up. 50 
   
Introduction 51 
Injuries to the distal tibio-peroneal syndesmosis could be present in isolation, or in 52 
approximately 13-20% of ankle fractures, caused by an injury mechanism of pronation and 53 
external rotation7. Concomitant stabilization of the syndesmosis is mandatory in addition to 54 
fracture fixation since its misdiagnosis or inadequate treatment could be responsible of persistent 55 
pain, functional impairment and early osteoarthritis20, 27, 33, 35. To obtain an accurate and stable 56 
syndesmosis reduction, the actual gold-standard in treatment is represented by screw fixation34. 57 
However, several complications are common with this treatment, such as screw loosening, 58 
breakage, local irritation and discomfort8, 14, 36. Moreover, when screw removal is planned to 59 
avoid implant problems, loss of reduction could occur19, 37. 60 
For these reasons, several devices to obtain a dynamic fixation of the syndesmosis have been 61 
introduced6, 25, 30, with the rationale to possibility obtaining a more physiological movement of 62 
the syndesmosis during joint load while maintaining the required reduction. The result would be 63 
to allow early weight-bearing reducing the risk of implant loosening and breakage, avoid a 64 
second reoperation for eventual screw removal and reduce the risk of loss of reduction after 65 
implant removal19, 28. Several controlled studies comparing static screw fixation with various 66 
devices for dynamic fixation have been published and summarized in systematic reviews and 67 
meta-analyses 3, 14, 17, 25, 28, 31, 42 . However, the most recent meta-analysis by Chen et al.3 which 68 
included 9 studies and 387 patients, was seriously biased by the overall limited quality due to the 69 
inclusion both prospective and retrospective studies, with only 3 RCTs4, 18, 19. The great interest 70 
on the treatment of syndesmotic injuries is confirmed by the fact that several new RCTs have 71 
been performed both in Europe1, 5, 24, Canada23 or Asia41 in the last few years. 72 
   
Due to the increased amount of high-level literature, there is the need to evaluate and summarize 73 
the Level I evidence regarding the static or dynamic fixation of syndesmotic injuries, in order to 74 
determine the most performant strategy in terms of patient’s satisfaction, functional results and 75 
complications.  76 
The aim of the present study was therefore to perform a Level I meta-analysis of RCTs to 77 
investigate the complications, subjective outcomes and functional results after dynamic or static 78 
fixation of acute syndesmotic injuries. The hypothesis was that dynamic and static syndesmosis 79 
fixation would present similar functional outcomes, complications and reoperations. 80 
 81 
   
Material and Methods 82 
Literature search 83 
This meta-analysis was conducted according to the Preferred Reporting Items for Systematic 84 
reviews and Meta-Analysis (PRISMA) guidelines22. A systematic electronic search of the 85 
following databases was performed in March 2018; Pubmed, EMBASE and Cochrane Central 86 
Register of Controlled Trials (CENTRAL); the website clinicaltrials.gov for unpublished studies. 87 
The key words were “syndesmosis OR syndsmotic OR syndesmoses OR high ankle” combined 88 
with “suture-button OR button OR endo-button OR tightrope OR arthrex OR dynamic OR wires 89 
OR fixation device”. The full search strategy is provided in the Appendix 1. The electronic 90 
database search was supplemented by manual scanning of the reference lists of included articles 91 
and the ePublication lists of the leading orthopedic and sports medicine journals. 92 
 93 
Article selection 94 
Eligible studies were RCTs comparing screw fixation with dynamic fixation of syndesmotic 95 
injuries either with or without ankle fracture. Any device for dynamic stabilization was 96 
considered eligible for inclusion. Both published and unpublished studies in all languages were 97 
eligible. Biomechanical studies, in-vitro studies, review articles, surgical techniques, case 98 
reports, letters to the editor and editorials were excluded. There were no criteria for the technique 99 
used in the surgical procedure, study sample size or length of follow-up. 100 
Two authors (X.X. and X.X) independently reviewed the title and abstract of each article from 101 
the literature search. The assessors were not blinded to the authors of the publications. The full 102 
text of an article was obtained and evaluated when eligibility could not be assessed from the first 103 
   
screening. Any disagreements were resolved via a consensus discussion between the reviewers 104 
and a third reviewer was consulted if the disagreement could not be resolved.  105 
 106 
Data extraction 107 
An electronic piloted form was created for data extraction. Data on patient demographics, 108 
including patient gender and age at surgery, were extracted, as well as details of study design, 109 
such as level of evidence, inclusion and exclusion criteria, method of randomization and length 110 
of follow-up. Treatment factors, such as injury classification, surgical technique for syndesmotic 111 
injury and concomitant injuries or fractures were also collected. The piloted form also included 112 
columns for the extraction of all outcome measurements, which were defined prior to study start 113 
and it was compulsory for a study to present data on at least one of the outcomes to be included.  114 
 115 
Outcomes definition 116 
The outcomes of interest were: functional outcome measurements defined as the American 117 
Orthopedic Foot and Ankle Score (AOFAS), The Olerud-Molander score, the Visual Analogic 118 
Scale (VAS) for pain, joint range of motion (ROM) measured with dorsi-flexion and plantar-119 
flexion, time to return to work and sport activity, and percentage of patients returning to the same 120 
pre-injury activity. Furthermore, complications and reoperations, as defined in each study, were 121 
collected. In particular, the inadequate reduction was considered intra or post-operatively when a 122 
correction of syndesmosis reduction was performed during surgery or the next day after CT scan; 123 
inadequate reduction was considered at final follow-up based on imaging criteria. Insufficient 124 
fixation was referred to inadequate reduction of fixation of concomitant fractures but not 125 
syndesmosis. Clinical recurrent diastasis or instability was based on clinical criteria defined in 126 
each study. Regarding reoperations, synthesis revision was considered when a reoperation was 127 
   
performed to correct a concomitant fracture synthesis, but not syndesmosis; wound revision was 128 
considered when a reoperation was performed to address wound problems without removing the 129 
syndesmotic implant, otherwise it was considered as implant removal. For both syndesmotic 130 
implant and fracture hardware, only the not planned removal were accounted. 131 
Due to the extreme heterogeneity of the possible complications, these were evaluated as: “overall 132 
complications” defined as all the complications reported in each study; “device-related 133 
complications” defined as those possibly caused by the device used to stabilize the syndesmosis, 134 
such as malreduction, recurrent instability, infection, irritation and discomfort, implant break, 135 
implant loosening, and “clinically significant complications” defined as all the previous ones 136 
except for implant loosening and implant break. Also reoperations were categorized as “overall” 137 
and “device-related”; the former were defined as syndesmosis refixation, wound revision and not 138 
planned implant removal. 139 
 140 
Assessment of risk of bias and quality of evidence 141 
The risk of bias was evaluated as “high risk”, “low risk” and “unclear risk” according to the 142 
standardized Cochrane Database questionnaire12. Articles were not excluded on the basis of the 143 
assessment. The overall quality of evidence for each outcome was graded as “high”, “moderate”, 144 
“low” and “very low”, based on study design, risk of bias, inconsistency, indirectness, 145 
imprecision and publication bias, according to the Grading of Recommendations Assessment, 146 
Development and Evaluation (GRADE) guidelines2. The risk of bias and GRADE evaluation 147 
was performed based on consensus by two authors (X.X. and X.X.). The intervention of a third 148 
reviewer was not needed because the authors reached consensus for all the items after discussion. 149 
 150 
   
Statistical analysis 151 
The meta-analysis was performed using RevMan V.5.0.18.33 (the Cochrane Collaboration, 152 
Copenhagen, Denmark). Continuous variables were extracted and analyzed as the mean ± 153 
standard deviation (SD). The corresponding author was contacted and asked to provide the data 154 
if the SD was not reported. In the event of no response, the SD was calculated from the available 155 
data, according to a previously validated formula; ((higher range value – lower range value)/4), 156 
of IQR/1.35)10, 11. If the SD could not be calculated using this approach, the highest SD was 157 
used. The mean difference (MD) and 95% confidence interval (CI) were calculated for 158 
continuous variables. The Relative Risk (RR) was calculated for dichotomous variables. The RR 159 
was defined as the ratio of the risk of an event in the two groups. It ranges from 0 to infinity, 160 
with values =1 indicating no differences of the risk between the groups,  <1 indicating a lower 161 
risk in the “dynamic fixation” group (study group) and values >1 indicating an higher risk in the 162 
“dynamic fixation” group. We tested for heterogeneity using the x2 and Higgins’ I2 tests9; 163 
according to Cochrane Guidelines, moderate heterogeneity was considered in the case of I2 164 
>30% or p<0.05. We adopted a conservative statistical approach applying a Mantel-Haenszel 165 
random-effects model in presence of moderate heterogeneity, and a fixed-effects model only 166 
when both I2 and p-value were <30% and >0.05, respectively9. When possible, the meta-analysis 167 
of clinical scores was performed at the 3, 6, 12 and 24 months follow-up. A sensitivity analysis 168 
was performed analyzing separately patients with suture-buttons or other devices, patients that 169 
underwent systematic screw removal or screw retain, and patients that had a follow-up ≤12 170 
months or >12 months. A p-value of < 0.05 was considered statistically significant in all the 171 
analyses. 172 
   
Results 173 
Article selection 174 
The initial literature search yielded a total of 373 articles, and 18 were considered eligible for 175 
inclusion. Six of them were excluded because comparative studies without randomization, while 176 
5 reports from clinicaltrials.gov were excluded because 1 RCT was still ongoing at the time of 177 
search, 1 was complete but with no report of the results, and 3 were referred to RCTs already 178 
completed and published. Therefore, after application of inclusion and exclusion criteria, 7 179 
studies1, 4, 5,  18, 19, 21, 41 were included in the final analysis (Figure 1). 180 
 181 
Figure 1: PRISMA flow-chart for study inclusion 182 
 183 
   
Study characteristics 184 
All of the included studies were level 1 RCTs. Well-defined exclusion criteria were specified by 185 
seven studies, which were mostly age >60 years, diabetes and open fractures (Appendix 2). A 186 
total of 168 patients were treated with dynamic fixation and 167 patients with static fixation. The 187 
mean age ranged from 32 to 48.2 years in the dynamic group and from 35 to 46.7 years in the 188 
static group. The mean follow-up time in the included studies ranged from 12 to 24 months 189 
(Table 1).    190 
The dynamic fixations were performed with several devices: suture buttons (5 RCTs), wire 191 
cerclages (1 RCT) or elastic hook plates (1 RCT). The static fixation was performed with one or 192 
two 3.5 to 6.5 mm screws.  Four studies performed intra or post operative imaging to detect 193 
syndesmosis malreduction and determine the need of syndesmosis refixation. Four studies had 194 
planned removal of the screws between 4 and 12 weeks. The postoperative rehabilitation 195 
protocol consisted in a cast up to 6 weeks and full weight-bearing at the 6th week (Appendix 3). 196 
All the studies evaluated reoperations and complications, while the most used subjective clinical 197 
scores were the VAS for pain (5 studies), the AOFAS (4 studies) and the Olerud-Molander (4 198 
studies) (Appendix 4). 199 
   
























Fixation Static Fixation Dynamic Fixation Static Fixation 
Coetzee and Ebeling 2009 NA NA 12 12 12 12 38 (18-55) 35 (18-53) 8M/4F 9M/3F NA NA 1 no fractures 1 no fractures 
                           4 Fibula 6 Fibula 
                            7 Fibula + MM 5 Fibula + MM 
Massobrio et al. 2011 NA NA 15 15 15 15 32 (16-62) 35 (15-73) 12M/3F 10M/5F 7 Weber B 9 Weber B 3 no fractures 8 Fibula 
                       5 Weber C 6 Weber C 2 Fibula 2 MM 
                       3 no fractures   1 PM 4 Fibula + MM 
                           2 Fibula + MM 1 Fibula + PM 
                            1 Fibula + MM + PM   
Kortekangas et al. 2015 60 43 21 22 21 19 46.0 (14.8) 45.5 (15.7) 13M/8F 14M/8F 9 Maisonneuve 9 Maisonneuve 13 Fibula 9 Fibula 
                       12 Weber C 12 Weber C 1 Fibula + MM 3 Fibula + MM 
                           2 Fibula + PM 3 Fibula + PM 
                            5 Trimalleolar 6 Trimalleolar 
Laflamme et al. 2015 823 70 34 36 33 32 40.1 (14.8) 39.3 (12.4) 25M/9F 26M/10F 5 44B 7 44B 29 Fibula 30 Fibula 
                       29 44C 29 44C 4 Fibula + MM 5 Fibula + MM 
                            1 Fibula + PM 1 Fibula + PM 
Andersen et al. 2018 196 97 48 49 48 49 46 (14.8) 43 (16.2) 34M/14F 30M/19F 15 Maisonneuve 14 Maisonneuve NA NA 
                        33 Other 35 Other     
Colcuc et al. 2018 110 62 32 30 26 28 35 (18-60) 39 (18-60) 19M/7F 22M/6F 5 Weber B 6 Weber B NA NA 
                       3 Weber C 4 Weber C     
                       5 Maisonneuve 7 Maisonneuve     
                        13 Isolated 11 Isolated     
Xian et al. 2018 96 32 16 16 13 12 48.2 (11.1 46.7 (12.1) 6M/7F 8M/4F 3 SER 3 2 SER 3 NA NA 
                       7 SER 4 6 SER 4     
                        3 PER 4 4 PER 4     
 200 
Table 2: Demographic characteristics and injury details of the patients included in the meta-analysis. SER, Supination External Rotation; PER, Pronation 201 
External Rotation; MM, Medial Malleolus; PM, Posterior Malleolus; M, Male; F, Female; NA, Not Assessed 202 
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Complications 203 
Overall complications: The random-effect meta-analysis for overall complications revealed a 204 
significantly decreased risk (RR=0.55, p=0.003) in the patients treated with dynamic fixation, in 205 
particular the presence of inadequate reduction at the final follow-up (RR=0.36, p=0.0008) 206 
(Figure 2b) and the clinical diagnosis of recurrent diastasis or instability (RR=0.10, p=0.03). 207 
Also the occurrence of implant break (RR=0.13, p=0.0002) or loosening (RR=0.06, p=0.006) 208 
was significantly reduced by the use of dynamic fixation devices. Differently, the rates of 209 
inadequate post-operative reduction (figure 2a), insufficient fracture fixation, development of 210 
osteoarthritis or syndesmotic ossification, infection or irritation were similar between patient 211 
treated with dynamic and static fixation (Table 5).  212 
 213 
Figure 2: Forest-plots showing the incidence of inadequate intra-operative syndesmosis reduction (a) and 214 
inadequate reduction at final follow-up (b) in patients treated with Dynamic Fixation or Static Fixation. 215 
  14 
Table V: Meta-analysis of Complications and Re-operations 
Outcome  Patients  Risk Ratio (RR) 
   Dynamic Fixation 
Screw 
Fixation Studies  Model ES 95% CI p-val   I2 p-val 
Overall complications  168 167 7  RE 0.55 (0.37, 0.81) 0.003*  39% 0.13 
    Inadequate reduction (intra\post operative)  141 142 5  FE 0.36 (0.11, 1.20) 0.10  0% 0.95 
    Inadequate reduction (follow-up)  130 127 5  FE 0.36 (0.17, 0.63) 0.0008*  0% 0.79 
    Insufficient fixation  168 167 7  FE 0.60 (0.08, 4.40) 0.61  0% 0.59 
    Clinical recurrent diastasis\instability  74 77 2  FE 0.10 (0.01, 0.79) 0.03*  0% 0.58 
    Osteoarthritis  84 83 3  FE 0.78 (0.52, 1.17) 0.23  17% 0.30 
    Syndesmosis ossification  81 81 2  FE 1.18 (0.42, 3.32) 0.75  0% 0.88 
    Infection  168 167 7  FE 0.99 (0.36, 2.69) 0.98  0% 0.58 
    Irritation and discomfort  168 167 7  RE 0.75 (0.12, 4.66) 0.76  56% 0.05 
    Implant break  168 167 7  FE 0.13 (0.04, 0.38) 0.0002*  0% 0.92 
    Implant loosening  168 167 7  FE 0.06 (0.01, 0.44) 0.006*  22% 0.26 
               
Overall-reoperations  168 167 7  FE 0.64 (0.40, 1.03) 0.07  30% 0.21 
    Synthesis revision  168 167 7  FE 0.60 (0.08, 4.40) 0.61  0% 0.59 
    Syndesmosis refixation  168 167 7  FE 0.11 (0.01, 2.05) 0.22  NA NA 
    Wound revision  168 167 7  FE 0.65 (0.11, 3.76) 0.63  0% 0.74 
    Hardware removal (not planned)  168 167 7  FE 1.02 (0.35, 2.94) 0.97  NA NA 
    Implant removal (not planned)  168 167 7  RE 0.70 (0.21, 2.36) 0.56  48% 0.10 
    Arthrodesis  168 167 7  FE 3.06 (0.13, 73.34) 0.49  NA NA 
               
Implant-related complications (overall)  168 167 7  RE 0.28 (0.09, 0.88) 0.03*  65% 0.008 
Implant-related complications (clinically relevant)  168 167 7  RE 0.66 (0.22, 1.98) 0.46  43% 0.12 
Implant-related reoperations  168 167 7  FE 0.64 (0.38, 1.06) 0.08  20% 0.28 
                          
 216 
Table 5: Meta-analysis of the dichotomous outcomes complications and reoperations. P-val; p-value; ES, Effect 217 
Size; RE, Random-Effect; FE, Fixed-Effect, NA, Not Assessed. 218 
 219 
The risk of overall complications was reduced in patients treated with dynamic fixation 220 
independently from the device used, the screw removal or retain and the follow-up ≤12 or >12 221 
months. 222 
Implant-related complications: Considering only the complication strictly related to the device 223 
used for syndesmosis stabilization, a decreased risk (RR=0.28, p=0.03) was reported in the 224 
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dynamic fixation group compared to the static fixation group (Table 5), especially with the use of 225 
a suture-button device for dynamic fixation (RR=0.22, p=0.001), or when static fixation was 226 
performed with permanent screws (0.10, p=0.0001). Differently, a similar risk  between static 227 
and dynamic fixation was found when using other devices than suture-buttons (RR=0.32, 228 
p=0.20), or when syindesmotic screws were systematically removed (RR=0.83, p=0.66). The 229 
length of follow-up had no impact on this outcome. 230 
Clinically relevant implant-related complications: When further limiting the analysis to the 231 
complications with a clinical relevance, no differences were found between the two groups 232 
(Table 5). However, a lower risk was reported after dynamic fixation when compared only to 233 
static fixation with permanent screws (RR=0.26, p=0.01) (Figure 3), or considering only the 234 
studies with follow-up ≤12 months (RR=0.30, p=0.03). 235 
 236 
Figure 3: Forest-plots showing the incidence of clinically-relevant complications in patients treated with Dynamic 237 
Fixation or Static Fixation, stratified based on planned screw removal or permanent screw. 238 
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Reoperations 239 
Overall reoperation: The overall reoperation rate was similar between the two groups (RR=0.64, 240 
p=0.07) (Table 5). However, the overall risk was reduced after dynamic fixation when compared 241 
to static fixation only with permanent screws (RR=0.24, p=0.007) (Figure 4). The type of device 242 
and the follow-up length had no impact on this outcome. 243 
 244 
Figure 4: Forest-plots showing the incidence of overall reoperations in patients treated with Dynamic Fixation or 245 
Static Fixation, stratified based on planned screw removal or permanent screw. 246 
 247 
 248 
Implant-related reoperations: There were no differences also for the implant-related reoperations 249 
(RR=0.64, p=0.08) and for each of the considered type of reoperation (Table 5). However, the 250 
risk was lower in dynamic fixation when compared with static fixation with permanent screws 251 
(RR=0.26, p=0.01). Also in this case, the type of device and the follow-up length had no impact. 252 
 253 
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Functional and subjective outcome measurements 254 
Olerud-Morlander score: The random-effect meta-analysis revealed no differences between the 255 
two groups for the Olerud-Molander score at the 3, 6, 12 and 24 months follow-up (Figure 5).  256 
 257 
Figure 5: Forest-plots showing the mean difference of the Olerund-Molander score between patients treated with 258 
Dynamic Fixation or Static Fixation at 3 months, 6 months, 12 months and 24 months follow-up. 259 
 260 
 261 
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AOFAS score: Differently, the AOFAS score was 6.06 points higher in patients treated with 262 
dynamic fixation respect to static fixation at 3 months (p=0.005), 5.21 points higher (p=0.03) at 263 
12 months and 8.60 points higher (p<0.00001) at 24 months (Figure 6).  264 
 265 
Figure 6: Forest-plots showing the mean difference of the AOFAS Score score between patients treated with 266 




  19 
VAS for pain score: Also, the VAS for pain was lower in those undergoing syndesmosis repair 271 
with dynamic devices respect to static screws at 6 months (-0.73 points, p=0.003) and at 12 272 
months (-0.52 points, p=0.005) (Figure 7).  273 
 274 
Figure 7: Forest-plots showing the mean difference of the VAS for pain score between patients treated with 275 
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Ankle range of motion: Regarding the range of motion, the dorsi-flexion was significantly 282 
increase of 4.36° (p=0.03) in the dynamic fixation group, while the plantar-flexion was similar 283 




Figure 8: Forest-plots showing the mean difference of the plantar flexion (a) or dorsal flexion (b) range of motion 288 




Return to activity: Finally, the time to return to work and sport were significantly shorter after 293 
dynamic fixation, despite only being evaluated in 2 studies and 1 study, respectively (Table 6). 294 
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 299 
 300 
Table VI: Meta-analysis of Functional Outcomes 
Outcome  Patients  Mean Difference (MD) 
   Dynamic Fixation 
Screw 
Fixation Studies  Model ES 95% CI p-val   I2 
p-
val 
Olerud-Molander              
    3 months  103 105 3  RE 7.30 (-0.53, 15.12) 0.07  45% 0.14 
    6 months  103 103 3  RE 7.67 (-0.48, 15.41) 0.07  70% 0.04 
    12 months  126 118 4  RE 4.65 (-0.20, 9.50) 0.06  49% 0.11 
    24 months  67 60 2  RE 4.99 (-6.60, 16.59) 0.40  71% 0.04 
               
AOFAS              
    3 months  105 105 3  FE 6.06 (1.82, 10.31) 0.005*  0% 0.59 
    6 months  115 115 4  RE 2.22 (-1.81, 6.24) 0.28  53% 0.09 
    12 months  117 111 4  RE 5.21 (0.44, 9.98) 0.03*  69% 0.02 
    24 months  53 50 2  FE 8.60 (5.51, 11.69) 0.00001*  0% 0.34 
               
VAS for Pain              
    3 months  104 103 3  FE -0.26 (-0.80. 0.27) 0.33  0% 0.37 
    6 months  102 103 3  RE -0.73 (-1.21, -0.25) 0.003*  30% 0.24 
    12 months  139 128 4  FE -0.52 (-0.87, -0.16) 0.005*  21% 0.28 
    24 months  67 60 2  RE -0.56 (-1.54, 0.41) 0.25  75% 0.05 
               
Range of Motion (12 months)              
    Dorsi-Flexion  58 56 3  RE 4.36 (0.43, 8.29) 0.03*  40% 0.19 
    Plantar-Flexion  58 56 3  RE 1.22 (-1.16, 3.59) 0.31  47% 0.15 
               
Time to return to Activity              
    Work  39 40 2  FE -1.95 (-2.97, -0.94) 0.0002*  0% 0.96 
    Sport  26 28 1  FE -5.00 (-8.74, -1.26) 0.009*  NA NA 
                          
 301 
Table 6: Meta-analysis of the continuous subjective and functional outcomes. P-val; p-value; ES, Effect Size; RE, 302 
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Summary of outcomes and sensitivity analysis 307 
The risk of overall complications, inadequate reduction at follow-up, clinical recurrent diastasis 308 
or instability, implant break, implant loosening and the risk of implant-related complications 309 
were reduced with the use of dynamic fixation. When the dynamic fixation was not performed 310 
with a suture button, the risk of implant related complications was similar between the static and 311 
dynamic fixation. When static fixation was performed with permanent screws, the RR of implant 312 
related complications, clinically relevant complications, reoperations and implant-related 313 
reoperations were reduced in the dynamic fixation group. Follow-up length had a limited impact 314 
only on clinically relevant implant-related complication (Table 7). The AOFAS score, VAS for 315 
pain score, range of motion and return to activity were improved after dynamic fixation 316 
compared to static fixation. 317 
 318 
Table VII: Sensitivity Analysis of Complications and Re-operations 
Dichotomic 




(clinically relevant)  Implant-related reoperations 
   ES 95% CI p-val  ES 95% CI p-val   ES 95% CI p-val  ES 95% CI p-val  ES 95% CI p-val 
                       
    Tightrope 
(n=5)  0.56 (0.35, 0.90) 0.02*  0.58 (0.22, 1.55) 0.28  0.22 (0.13, 0.40) 0.001*  0.63 (0.18, 2.27) 0.48  0.63 (0.37, 1.05) 0.08 
    Other devices 
(n=2)  0.41 (0.17, 0.97) 0.04*  0.92 (0.06, 13.18) 0.95  0.32 (0.05, 1.83) 0.20  0.92 (0.06, 13.18) 0.95  0.92 (0.06, 13.18) 0.95 
                       
    Permanent 
screw (n=3)  0.47 (0.33, 0.66) 0.0001*  0.24 (0.08, 0.68) 0.007*  0.10 (0.04, 0.24) 0.0001*  0.26 (0.09, 0.73) 0.01*  0.26 (0.09, 0.73) 0.01* 
    Planned screw 
removal (n=4)  0.64 (0.44, 0.94) 0.02*  1.02 (0.58, 1.78) 0.95  0.83 (0.36, 1.92) 0.66  1.83 (0.64, 5.29) 0.26  1.02 (0.55, 1.87) 0.96 
                       
    Follow-up >12 
months (n=3)  0.72 (0.56, 0.94) 0.02*  0.86 (0.50, 1.48) 0.58  0.36 (0.18, 0.71) 0.03*  1.22 (0.26, 5.80) 0.80  0.84 (0.46, 1.52) 0.56 
    Follow-up ≤12 
months (n=4)  0.27 (0.14, 0.52) 0.001*  0.51 (0.09, 2.99) 0.45  0.13 (0.05, 0.33) 0.0001*  0.30 (0.10, 0.91) 0.03*  0.51 (0.09, 2.81) 0.44 
                                          
 319 
Table 7: Results of sensitivity analysis for complications and reoperations, based on type of dynamic fixation, 320 
permanent or removed screw, and length of follow-up. P-val; p-value; ES, Effect Size. 321 
 322 
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Risk of bias assessment 323 
All the studies presented at least one domain of the Cochrane Risk of Bias Tool at unclear or 324 
high risk of bias (Figure 9).  325 
 326 
Figure 9: Risk of bias of each study: high-risk (red circle), low-risk (green circle) and unclear-risk (yellow circle) 327 
 328 
 329 
Selection bias was high due to the inconsistent reporting of randomization and concealment 330 
methods in the included studies. Although the patients were not blinded to the allocated 331 
treatment, the risk of performance bias for objective outcomes such as complications and 332 
reoperations, and for radiographic outcomes was considered low, since those were not likely to 333 
be influenced by the patient’s knowledge of a specific treatment. Differently, performance bias 334 
was considered at high risk for subjective outcomes due to the lack of patients blinding. The 335 
detection bias was considered at high risk as well, since most of the outcomes were assessed by 336 
investigators with inadequate or unknown blinding to treatments. Attrition bias and reporting 337 
bias were considered to be low risk, since the drop-out rates were minimal and all the studies 338 
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reported the result of all the outcomes described in the methods. One study was considered at 339 
high risk of bias because had different rehabilitation protocols between the two groups (Figure 340 
10).  341 
 342 
Figure 10: Summary table for the risk of bias across the included studies. 343 
 344 
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Quality assessment 345 
The quality of evidence regarding the dynamic or static fixation of acute syndesmotic injury was 346 
generally “low” or “very low”, especially for reoperations and subjective or functional outcomes. 347 
The factors that lowered the quality according to the GRADE were the high risk of selection and 348 
performance bias, the high statistical heterogeneity and the limited number of included studies. 349 
Moreover, the indirectness of measurements, the imprecision due to small amount of changes, or 350 
the presence of discordant results based on sensitivity analysis further affected the quality. The 351 
highest level was “moderate”, and was reported for the compilation, both overall and implant-352 
related”, especially considering a more evident effect of treatment when controlling for the 353 
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 368 
Figure 11: Summary table of the quality of evidence according to the GRADE for the outcomes after Dynamic 369 
Fixation or Static Fixation. 370 
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Discussion 371 
 372 
The most important finding of the present meta-analysis of RCTs was that the use of dynamic 373 
fixation for the treatment of syndesmotic injuries was able to reduce the number of complications 374 
and improve clinical outcomes compared to static screw fixation, thus rejecting the initial 375 
hypothesis. The inclusion of 7 Level 1 RCTs with 335 patients represents the meta-analysis on 376 
this topic with the highest level of evidence and the widest sample size. 377 
Several considerations should be made regarding the management of syndesmotic injuries based 378 
on the present results and the available highest-level literature. First of all, most of the reported 379 
complications such as implant loosening or breakage could be considered clinically irrelevant, 380 
thus limiting the enthusiastic appeal of dynamic fixation. For this reason, we performed a further 381 
analysis excluding such events, reporting in fact similar results between static and dynamic 382 
fixation. However, when considering only the studies using permanent screws, a higher risk of 383 
clinically relevant complications in static fixation was found. Therefore, based on these results, 384 
dynamic fixation should be considered superior to screw fixation only when screws are retained. 385 
On the other hand, screw removal should not be considered totally harmless. Laflamme et al.19, 386 
which did not performed routine screw removal, reported 3 case of loss of reduction when the 387 
screw was removed due to unplanned reasons. Similarly, Andersen et al.1 reported the doubling 388 
of the patients with malreduced syndesmosis during the first year after surgery using serial CT, 389 
attributing this finding to loss of reduction occurred after routine screw removal. Therefore, late 390 
tibio-peroneal diastasis can be considered a common finding after screw removal, as already 391 
described by other authors29 and, as a consequence, recurrent diastasis or instability could occur1, 392 
5. 393 
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Another relevant issue is the economic burden of syndesmotic injuries management. In fact, 394 
when screw removal is planned, the expense for the healthcare system is increased due to the 395 
need of a second operation, while in the case of screw retention the procedure remains cost-396 
effective only if re-operation rate is maintained below 17.5% of cases26. When evaluating 397 
reoperations in our meta-analysis, we found an almost 4-fold increase of implant-related 398 
reoperation when comparing dynamic fixation to permanent screw fixation. 399 
Regarding clinical outcomes, dynamic fixation showed better results in terms of ankle pain from 400 
6 to 12 months and ankle function from 12 to 24 months. The increased plantar flexion could 401 
have contributed to the more satisfactory outcomes as well, even if the difference of less than 5° 402 
could fall within the measurement error or could not considered clinically significant. The 403 
clinical superiority of dynamic fixation compared to static fixation can be explained by the 404 
biomechanical characteristics of the construct. The restoration of a more physiological 405 
movements of the syndesmosis obtained with dynamic devices could have contributed to faster 406 
healing and clinical recovery16. In fact, a shorter time to return to work and sport activity was 407 
reported in 2 studies5, 19, even considering that a standardized rehabilitation protocols was used in 408 
the two groups (despite the possibility of early weight-bearing in the case of dynamic fixation). 409 
Another theoretical advantage of dynamic fixation, especially with suture-buttons, is that it may 410 
allow more motion and better self-centering of the syndesmosis, thus making anatomic reduction 411 
easier to accomplish39. In fact, Westermann et al.39 demonstrated in a cadaveric model the suture 412 
button's ability to allow for natural correction of deliberate malreduction, especially with 413 
posterior off-axis clamping. The authors postulated that suture-button syndesmotic fixation 414 
appeared to take advantage of ankle anatomy by seating the fibula within the tibial incisura 415 
fibularis as the construct was tensioned, resulting in superior reduction compared with rigid 416 
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screw placement. The detrimental effects of syndesmotic malreduction has been pointed out in 417 
clinical studies, since it has been identified as the most important predictor of functional outcome 418 
following surgery to treat an ankle fracture25, 38. In this regard, an interesting consideration on the 419 
use of suture-buttons was highlighted by Kortekangas et al.18, which performed intra-operative 420 
bilateral CT scan to assess syndesmotic reduction. The authors noted a relevant number of 421 
patients with syndesmosis considered malreduced after suture button fixation. However, in all 422 
cases the syndesmoses were found to be well reduced after open exploration if the ankle was at 423 
90° of dorsiflexion, thus not requiring re-fixation. The correct reduction was confirmed on 424 
postoperative CT, with the ankle at 90° of dorsiflexion in a below-knee cast. Therefore, they 425 
attributed the high rate of false positive findings in the intraoperative CT to the less rigid fixation 426 
of the suture button device, which could allow fibular rotation and posterior slide when the lower 427 
limb is in a free position. 428 
Beside the results of statistical analysis, there are also important methodological considerations. 429 
The most important is the high risk of bias, which impairs the overall quality of the evidences, 430 
despite derived only from RCTs. The main bias and limitations are those typical of surgical 431 
RCTs, such as inadequate blinding, small sample and heterogeneity in treatments. Regarding the 432 
latter point, we performed a subgroup-analysis considering only patients treated with suture-433 
button, without reporting higher risk of complications like stitch abscess or osteomyelitis, painful 434 
aseptic osteolysis and failed stabilization, as suggested is several series13, 32, 40. Several technical 435 
tips has been in fact suggested to avoid complications and implant removal, such as cutting the 436 
FiberWire 1 cm beyond knot and burying end adjacent to fibula, performing a small medial 437 
incision to position the button abutting tibial cortex and always applying the button through 438 
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the fibular plate32. In fact, applying these cautions, Storey et al.32 reported implant removal in 439 
only 8 out of 102 consecutive cases (7.8%). 440 
Beside the high risk of performance and detection bias, the level of evidence for most of the 441 
outcomes was rated as “low” or “very low” according to the GRADE. The highest level 442 
(“moderate”) was reported for the lower risk of overall and implant-related complications. 443 
However, this could be questioned due to the inclusion of clinically irrelevant complications as 444 
well. Regarding the PROMs employed in the meta-analysis, a 5 to 8 points significant difference 445 
in the AOFAS score was found. Despite a minimal clinically important difference in AOFAS 446 
score has not been defined for the evaluation of ankle fractures, Andersen et al.1 proposed a value 447 
of 6 points, thus suggesting a real clinical effect of the treatment. Another criticism to the 448 
AOFAS is represented by its limited precision, lack of responsiveness, and inclusion of measures 449 
obtained by the examiner, thus prone to detection bias1, 15. Another limitation is due to the fact 450 
that, in order to be as much as conservative as possible in our analysis, we did not take into 451 
account the planned screw removal as reoperation. Moreover, the 2-years follow-up does not 452 
allow to confirm the results at long-term, thus caution should be used when interpreting the 453 
results and the safety of the dynamic fixation. Finally, the strict inclusion criteria mostly to 454 
closed Weber B and C fracture in middle-aged patients limits the external validity of the 455 
treatment to this subset of patients. Therefore further studies are required to confirm the 456 
encouraging results also in younger and athletic populations.  457 
 458 
Conclusion 459 
Dynamic fixation of syndesmotic injuries was able to reduce the number of complications and 460 
improve clinical outcomes compared to static screw fixation, especially malreduction and 461 
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clinical instability or diastasis, at a follow-up of 2 years. A lower risk of reoperation with 462 
dynamic fixation was found compared to static fixation with permanent screw. However, lack of 463 
patients or personnel blinding, treatment heterogeneity, small samples and short follow-up, limits 464 
the overall quality of these evidences. 465 
  32 
References 466 
1) Andersen MR, Frihagen F, Hellund JC, Madsen JE, Figved W. Randomized Trial Comparing 467 
Suture Button with Single Syndesmotic Screw for Syndesmosis Injury. J Bone Joint Surg Am. 468 
2018 Jan 3;100(1):2-12. doi: 10.2106/JBJS.16.01011. 469 
 470 
2) Balshem H, Helfand M, Schunemann HJ, et al. GRADE guidelines: 3. Rating the quality of 471 
evidence. J Clin Epidemiol. 2011;64(4):401-406. 472 
 473 
3) Chen B, Chen C, Yang Z, Huang P, Dong H, Zeng Z. To compare the efficacy between 474 
fixation with tightrope and screw in the treatment of syndesmotic injuries: A meta-analysis. Foot 475 
Ankle Surg. 2017 Aug 18. pii: S1268-7731(17)31279-1. doi: 10.1016/j.fas.2017.08.001. 476 
 477 
4) Coetzee JC, Ebeling P. Treatment of syndesmoses disruptions: a prospective, randomized 478 
study comparing conventional screw fixation vs TightRope® fiber wire fixation — medium term 479 
results. SA Orthop J. 2009;8:32–7 480 
 481 
5) Colcuc C, Blank M, Stein T, Raimann F, Weber-Spickschen S, Fischer S, Hoffmann R. Lower 482 
complication rate and faster return to sports in patients with acute syndesmotic rupture treated 483 
with a new knotless suture button device. Knee Surg Sports Traumatol Arthrosc. 2018 484 
Oct;26(10):3156-3164. doi: 10.1007/s00167-017-4820-3. Epub 2017 Dec 9. 485 
 486 
6) Cottom JM, Hyer CF, Philbin TM, Berlet GC. Treatment of syndesmotic disruptions with the 487 
Arthrex Tightrope: a report of 25 cases. Foot Ankle Int. 2008 Aug;29(8):773-80. doi: 488 
10.3113/FAI.2008.0773. 489 
  33 
 490 
7) Dattani R1, Patnaik S, Kantak A, Srikanth B, Selvan TP.mInjuries to the tibiofibular 491 
syndesmosis. J Bone Joint Surg Br. 2008 Apr;90(4):405-10. doi: 10.1302/0301-492 
620X.90B4.19750. 493 
 494 
8) Dingemans SA, Rammelt S, White TO, Goslings JC, Schepers T. Should syndesmotic screws 495 
be removed after surgical fixation of unstable ankle fractures? a systematic review. Bone Joint J. 496 
2016 Nov;98-B(11):1497-1504. Review. 497 
 498 
9) Deeks J, Higgins J, Altman DG. Chapter 9: Analysing data undertaking meta-analyses. In: 499 
Higgins J, Green S, eds. Cochrane Handbook for Systematic Reviews of Interventions Version 500 
5.1.0 (updated March 2011): The Cochrane Collaboration; 2011. 501 
 502 
10) Higgins J, Deeks J, Altman D. Chapter 16: Special topics in statistics. In: Higgins J, Green S, 503 
eds. Cochrane Handbook for Systematic Reviews of Interventions Version 5.1.0 (updated March 504 
2011): The Cochrane Collaboration; 2011. 505 
 506 
11) Higgins J, Deeks J. Chapter 7: Selecting studies and collecting data. In: Higgins J, Green S, 507 
eds. Cochrane Handbook for Systematic Reviews of Interventions Version 5.1.0 (updated March 508 
2011): The Cochrane Collaboration; 2011. 509 
 510 
12) Higgins JPT, Green S. Cochrane Handbook for Systematic Reviews of Intervention Version 511 
5.1.0: The Cochrane Collaboration; 2011. 512 
 513 
  34 
13) Hong CC, Lee WT, Tan KJ. Osteomyelitis after TightRope(®) fixation of the ankle 514 
syndesmosis: a case report and review of the literature. J Foot Ankle Surg. 2015 Jan-515 
Feb;54(1):130-4. Doi: 10.1053/j.jfas.2014.09.041. Epub 2014 Oct 31. Review. 516 
 517 
14) Inge SY, Pull Ter Gunne AF, Aarts CAM, Bemelman M. A systematic review on dynamic 518 
versus static distal tibiofibular fixation. Injury. 2016 Dec;47(12):2627-2634. 519 
doi:10.1016/j.injury.2016.09.032. 520 
 521 
15) Kitaoka HB, Alexander IJ, Adelaar RS, Nunley JA, Myerson MS, Sanders M. Clinical rating 522 
systems for the ankle-hindfoot, midfoot, hallux, and lesser toes. Foot Ankle Int. 1994;15(7):349-523 
353. 524 
 525 
16) Klitzman R1, Zhao H, Zhang LQ, Strohmeyer G, Vora A. Suture-button versus screw 526 
fixation of the syndesmosis: a biomechanical analysis. Foot Ankle Int. 2010 Jan;31(1):69-75. 527 
doi: 10.3113/FAI.2010.0069. 528 
 529 
17) Kocadal O, Yucel M, Pepe M, Aksahin E, Aktekin CN. Evaluation of Reduction Accuracy of 530 
Suture-Button and Screw Fixation Techniques for Syndesmotic Injuries. Foot Ankle Int. 2016 531 
Dec;37(12):1317-1325. Epub 2016 Aug 16. 532 
 533 
18) Kortekangas T, Savola O, Flinkkilä T, Lepojärvi S, Nortunen S, Ohtonen P, Katisko J, 534 
Pakarinen H. A prospective randomised study comparing TightRope and syndesmotic screw 535 
fixation for accuracy and maintenance of syndesmotic reduction assessed with bilateral 536 
  35 
computed tomography. Injury. 2015;46(6):1119-26. doi: 10.1016/j.injury.2015.02.004. Epub 537 
2015 Feb 21. 538 
 539 
19) Laflamme M, Belzile EL, Bédard L, van den Bekerom MP, Glazebrook M, Pelet S. A 540 
prospective randomized multicenter trial comparing clinical outcomes of patients treated 541 
surgically with a static or dynamic implant for acute ankle syndesmosis rupture. J Orthop 542 
Trauma. 2015 May;29(5):216-23. doi: 10.1097/BOT.0000000000000245. 543 
 544 
20) Marvan J, Dzupa V, Krbec M, Skala-Rosenbaum J, Bartoska R, Kachlik D, Baca V. Distal 545 
tibiofibular synostosis after surgically resolved ankle fractures: An epidemiological, clinical and 546 
morphological evaluation of a patient sample. Injury. 2016 Nov;47(11):2570-2574. doi: 547 
10.1016/j.injury.2016.09.007. Epub 2016 Sep 7. 548 
 549 
21) Massobrio M1, Antonietti G, Albanese P, Necci F. Operative treatment of tibiofibular 550 
diastasis: a comparative study between transfixation screw and reabsorbable cerclage. 551 
Preliminary result. Clin Ter. 2011;162(6):e161-7. 552 
 553 
22) Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for systematic reviews 554 
and meta-analyses: the PRISMA statement. Bmj. 2009;339:b2535. 555 
 556 
23) NCT02199249 https://clinicaltrials.gov/ct2/show/NCT02199249  557 
 558 
24) NCT02930486 https://clinicaltrials.gov/ct2/show/NCT02930486 559 
 560 
  36 
25) Naqvi GA, Shafqat A, Awan N. Tightrope fixation of ankle syndesmosis injuries: clinical 561 
outcome, complications and technique modification. Injury. 2012 Jun;43(6):838-42. doi: 562 
10.1016/j.injury.2011.10.002. Epub 2011 Oct 27. 563 
 564 
26) Ramsey DC1, Friess DM. Cost-Effectiveness Analysis of Syndesmotic Screw Versus Suture 565 
Button Fixation in Tibiofibular Syndesmotic Injuries. J Orthop Trauma. 2018 Jun;32(6):e198-566 
e203. doi: 10.1097/BOT.0000000000001150. 567 
 568 
27) Ray R, Koohnejad N, Clement ND, Keenan GF. Ankle fractures with syndesmotic 569 
stabilisation are associated with a high rate of secondary osteoarthritis. Foot Ankle Surg. 2017 570 
Oct 28. pii: S1268-7731(17)31304-8. doi: 10.1016/j.fas.2017.10.005. [Epub ahead of print] 571 
 572 
28) Schepers T. Acute distal tibiofibular syndesmosis injury: a systematic review of suture-button 573 
versus syndesmotic screw repair. Int Orthop. 2012 Jun;36(6):1199-206. doi: 10.1007/s00264-574 
012-1500-2. Epub 2012 Feb 9. Review. 575 
 576 
29) Schepers T, Van Lieshout EM, de Vries MR, Van der Elst M. Complications of syndesmotic 577 
screw removal. Foot Ankle Int. 2011 Nov;32(11):1040-4. 578 
 579 
30) Seitz WH Jr, Bachner EJ, Abram LJ, Postak P, Polando G, Brooks DB, Greenwald AS. 580 
Repair of the tibiofibular syndesmosis with a flexible implant. J Orthop Trauma. 1991;5(1):78-581 
82. 582 
 583 
  37 
31) Seyhan M1, Donmez F2, Mahirogullari M3, Cakmak S4, Mutlu S5, Guler O6. Comparison 584 
of screw fixation with elastic fixation methods in the treatment of syndesmosis injuries in ankle 585 
fractures. Injury. 2015 Jul;46 Suppl 2:S19-23. doi: 10.1016/j.injury.2015.05.027. Epub 2015 Jun 586 
24. 587 
 588 
32) Storey P, Gadd RJ, Blundell C, Davies MB. Complications of suture button ankle 589 
syndesmosis stabilization with modifications of surgical technique. Foot Ankle Int. 2012 590 
Sep;33(9):717-21. 591 
 592 
33) Swords MP, Sands A, Shank JR. Late Treatment of Syndesmotic Injuries. Foot Ankle Clin. 593 
2017 Mar;22(1):65-75. doi: 10.1016/j.fcl.2016.09.005. Epub 2016 Dec 21. Review. 594 
 595 
34) Van Heest TJ, Lafferty PM. Injuries to the ankle syndesmosis. J Bone Joint Surg Am. 2014 596 
Apr 2;96(7):603-13. doi: 10.2106/JBJS.M.00094. Review. 597 
 598 
35) Vopat ML, Vopat BG, Lubberts B, DiGiovanni CW. Current trends in the diagnosis and 599 
management of syndesmotic injury. Curr Rev Musculoskelet Med. 2017;10:94-103. 600 
 601 
36) Walker L1, Willis N2. Weber C ankle fractures: a retrospective audit of screw number, size, 602 
complications, and retrieval rates. J Foot Ankle Surg. 2015 May-Jun;54(3):454-7. doi: 603 
10.1053/j.jfas.2014.11.015. Epub 2015 Jan 22. 604 
 605 
  38 
37) Walley KC, Hofmann KJ, Velasco BT, Kwon JY. Removal of Hardware After Syndesmotic 606 
Screw Fixation: A Systematic Literature Review. Foot Ankle Spec. 2017 Jun;10(3):252-257. doi: 607 
10.1177/1938640016685153. Epub 2016 Dec 27. Review. 608 
 609 
38) Weening B, Bhandari M. Predictors of functional outcome following transsyndesmotic screw 610 
fixation of ankle fractures. J Orthop Trauma. 2005 Feb;19(2):102-8. 611 
 612 
39) Westermann RW, Rungprai C, Goetz JE, Femino J, Amendola A, Phisitkul P. The effect of 613 
suture-button fixation on simulated syndesmotic malreduction: a cadaveric study. J Bone Joint 614 
Surg Am. 2014 Oct 15;96(20):1732-8. 615 
 616 
40) Willmott, HJ; Singh, B; David, LA: Outcome and complications of treatment of ankle 617 
diastasis with TightRope ® fixation. Injury.40:1204–1206, 2009. 618 
http://dx.doi.org/10.1016/j.injury.2009.05.008 619 
 620 
41) Xian H1, Miao J1, Zhou Q1, Lian K2, Zhai W2, Liu Q3. Novel Elastic Syndesmosis Hook 621 
Plate Fixation Versus Routine Screw Fixation for Syndesmosis Injury. J Foot Ankle Surg. 2018 622 
Jan - Feb;57(1):65-68. doi: 10.1053/j.jfas.2017.08.007. 623 
 624 
42) Zhang P, Liang Y, He J, Fang Y, Chen P, Wang J. A systematic review of suture-button versus 625 
syndesmotic screw in the treatment of distal tibiofibular syndesmosis injury. BMC 626 
Musculoskelet Disord. 2017 Jul 4;18(1):286. doi: 10.1186/s12891-017-1645-7. Review. 627 
 628 
